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METHODS A KP rniyrPnSTTTHN RASFH ON 
DISCOVERV OF IMETAFtOT JSM OF NITROGLYCERIN 



Cross-Refereuce to Related Applications 

This applicatiou claims the benefit of U.S. Application No, 60/361,689, filed 
Marcli 6, 2002, of U.S. AppUcation No. 60/372,415, filed Apiil 16, 2002, and of 
U.S. Application No. 60/377,204, filed May 3, 2002. 

TftfJiTiicial Field 

This invention is directed to therapies for patieuts for whom nitroglycerin 
(GTN) adnuuistrationis indicated, screens for appropriateness of GTN for 
treatment, screens for cross-tolerance, and dose determination. This invention is 
also directed to a composition for intravenous administration of nitroglycerin. 

Backgi ound of the Invention 

Nitroglyceiin (glyceryl trinitrate, GTN) has been used to treat angina 
pectoris and congestive heart failiure for over 130 years. It is generaUy accepted 
that GTN is converted in vascular smooth muscle cells to nitric oxide (NO) or an 
NO congener (S-nitrosothiol, SNO), which activates guanylate cyclase and this 
relaxes vascular smooth muscle. However, the molecular mechanism of GTN 
biotransformation has remained a mysteiy, and it is not understood why therapy 
with GTN is associated with nitrate tolerance (loss of cUnical sensitivity to GTN) 
and oxidative sti:ess (caused by GTN being an oxidant). Nitiate tolerance fi om 
GTN administiration is especiaUy evident when GTN is admniistered intiavenously 
m the treatment of unstable angina and heart faUure m the foirn of a conventional 
composition containing 20 mM GTN in 50% ethanol (e.g. 7 to 8 molar ethanol or 
over 100 times the moles of GTN) in a dosage of GTN ranging firom 5 to 100 
^ig/mm, e.g. fi:om 20-54 jig/min, for 40 to 100 namutes. Nitiate tolerance is also 
noted when GTN is admmistered orally or topically and when isorbide dinitrate is 
administered oraUy or topicaUy, in the treatment of angina and heart failme. 
Cunently, nitrate tolerance is treated by increasing the dosage of nitrate 
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administeied, and this works for a wliile but not over the long term or for a chjonic 
disorder (e.g., endothelulial dysfimction ensues). 

GTN biotrausfonnatiou lias previously been found to be tissue and cell 
specific and to yield 1,2-glycei-yl dinitiate (1,2-GDN), 1,3-glyceryl dinitiite (1,3- 
GDN), inorganic nitrite and NO (or SNO) in differing amounts andi ratios. 
Published data indicates that ui vascular smooth muscle cells, 1,2-GDN is the 
predominant dhiitiate metaboKte, and either NO or SNO mediates vasodilation. 
Furthermore, pubHshed data indicates that the vasorelaxation-dependent formation 
of 1,2-GDN is reduced in GTN-tolerant blood vessels. These data suggest that the 
enzyme(s) generating NO bioactivity fiom GTN catalyzes the selective fonnation of 
1,2-GDN (over 1,3-GDN) and that loss of this activity at least partly accounts for 
tolerance. Several mechanisms of vascular smooth muscle relaxation by GTN have 
been proposed; en2ymes proposed for mediating GTN metaboUsm include 
glutathione-S-transferases, cytochrome P450 reductase, cytochiome P450, xanthme 
oxide reductase and an imidentified microsomal protein. However, none of these 
enzymes catalyzes the selective formation of 1,2-GDN or is inhibited in tolerant 
vessels, so none of these enzymes can be the en2yme or en2ymes mediating GTN 
metabolism 

Summai'v of the -Invention 

It has been discovered herein (data shown in backgr ound examples 
heremafter) that biotransformation of GTN occurs predommantly in mitochondria 
through a previously unknown reductase action of the known enzyme mitochondrial 
aldehyde dehydrogenase (mtALDH, ALDH2) and that attenuated biotransformation 
of GTN by mtALDH underlies nitrate tolerance. 

This discovery has led to embodiments of the invention herein directed to a 
method of treatiag a patient in need of GTN therapy, allowing inter alia increased 
dosage, postponement of GTN mediated tolerance and GTN preconditioning; 
directed to a method of increasing or stabilizing blood pressme in a hypotensive 
patient in need of GTN; directed to a metiiod of preventmg the occurrence of 
systemic hypotension m treatments with nitrate or ameUorating the presence of 
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systemic liypotensiou (e.g., in right heart feilure, stroke or portal hypeitensioa; 
directed to treating ischemia or congestive heait failm e with replacement for GTN; 
dhected to a method of potentiatmg the eflfect of organic nitrates in a patient; 
directed to a method of countering loss of GTN activity in a patient; directed to a 
method of avoiding tolerance, mitochondrial dysfunction and atherogenic potential 
(predisposition to atherosclerosis because of impau*ment of blood vessel wall and 
naiTOwing of blood vessel because of insufficient vasodilation) in a patient in need 
of nitrosovasodilation (GTN therapy to dilate blood vessel(s)) com^^rising 
administrating ALDH substrate NO^, donors which are not substrates for mtALDH; 
directed to a method of treating a patient in need of antianginal and/or preload 
reducing activity compiisiiig administeiing initochondiia impenneable nitrate; 
dhected to a method for determining cross-tolerance of NO-based diaig and other 
drag; dhected to a method for selectmg whether GTN or other antianginal or 
preload reducmg diaig should be administered; dhected to a method of deteminiing 
dose of nitrate for a patient; and directed to a composition for intiavenous 
administration of GTN whereby nitroglycerin tolerance is reversed, prevented or 
postponed. 

We tmn now to the methods of the invention. 

One embodiment herein, denoted the fiist embodiment, is dhected to the 
method of treating a patient m need of GTN therapy, alloAvmg inter alia increased 
dosage of GTN, postponement of GTN mediated tolerance and GTN 
preconditiomng. This method comprises the steps of administeiing a therapeutically 
effective amount of GTN and of a therapeutically eflfective amount of an mtALDH 
mhibitor. 

Another embodhnent herein, denoted the second embodiment, is dhected to 
the method of increashig or stabilizing blood pressiue hi a hypotensive patient or ui 
a patient sensitive to GTN mediation of hypotension or m a patient where 
hypotension is hinitmg, said patient bemg m need of GTN therapy. This method 
compiises administering to said patient a therapeutically effective amount of GTN 
and of inliibitor of mtALDK 
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Another embodiment herein, denoted tlie thiid embodiment, is directed to 
the method of tieating ischemia or congestive heait failure in a patient in need of 
this. This method comprises administeiing to said patient an effective amount of a 
nitrite generator which is not GTN and is targeted to mitochondria. 

Still another embodiment herein, denoted the fourfli embodunent herein, is 
directed to the method of potentiating the effect of organic nitrates m a patient. 
One variation denoted the first variation of the fourth embodiment of the mveution 
herein, is dhrected to a method which con^iises admuiisteriug to the patient a 
therapeutically effective amount of organic nitrate and a potentiatmg effective 
amount of a mitochondria- selective thiol or of a transgene of yntALDH which 
overcomes inhibition of endogenous mtALDH and/or increases nitric oxide (NO) 
bioavailabihty and/or causes decrease in GTN tolerance. Another variation denoted 
the second variation of the fourth embodunent of the invention herem, is directed to 
a method of ti eatmg a patient in need of nitroglycerin therapy comprising 
administering to said patient a therapeutically effective amoimt of nitroglycerin and 
a therapeutically effective amount of a dithiol and/or a therapeutically effective 
amount of other reductant capable of activating mtALDH. 

Still another embodunent herem, denoted the fifth embodiment, is dhected 
to a method of countering loss of GTN activity in a patient admmistered GTN. 
This method comprises adrmnistering to said patient a drug hnpartmg NO 
bioactivity which does not require mtALDH for its metabolism or inhibit mtALDH 
in the process of bioactivation. 

Still another embodiment herein, denoted the sixth embodiment, is dkected 
to treating a patient in need of nitrosovasodilation, but avoiding tolerance, 
mitochondrial dysfunction and atherogenic potential. This method comprises 
adrmnistering to said patient a nitrosovasodilator which is not a substrate for 
mtALDH and preferably is a nitrosovasodilator which is a substrate for a different 
ALDH en2yme.. 

Yet another embodiment herem, denoted the seventh embodiment, is 
dhected to a method of treating a patient in need of antianginal and/or preload 
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reducing activit}'. This method cono^Jiises admiiusteriiig to said patient a 
therapeutically eflfective amoimt of a mitochondria impermeable nitrate. 

Yet another embodiment herein, denoted tlie eighth embodunent, is directed 
to a method of detennimng cross-tolerance of nitroglycerin and other drag, e.g., 
other drag containing an NO^ group where x is 1 or 2 or which is metabolized to 
produce NO bioactivity, Le., bioactivity typically associated with NO or an NO 
congener. This metiiiod comprises determuiing whether the other drag uihibits 
mtALDH with inhibition indicating cross tolerance. 

Yet another embodiment herein, denoted the ninth embodiment, is du ected 
to a method for selecting whether GTN or other antianginal or other preload (the 
amount of blood filluig the heart) reducing drug should be administered. This 
method comprises determining whether polymoiT>hism exists in the mtALDH gene 
in the patient, and administering GTN if not, and other drag if so. 

Yet another embodiment herein, denoted the tenth embodiment, is directed 
to a method of determining dose of nitrate for a patient. This method comprises 
purifying mtALDH from the patient and deteimining the activity of the purified 
mtALDH on the nitrate to deteraiine dose that is effectively metabolized and does 
not cause inactivation of mtALDH 

We turn now to the composition of the invention which sometimes is 
refeiTed to heremafter as tlie eleventh embodiment of the invention herein. This is a 
composition for intravenous administration of nitroglycerin, e.g, ui the treatment of 
unstable angina and heart faUure and hypertensive emergencies, and comprises a 
therapeutically effective amount of nitroglyceiin in a carrier and not containing 
compound which is or metabolizes to substrate competitive with niUoglycerin as a 
substrate for mitochondrial aldehyde dehydrogenase, or containing as the only 
canier, one which contams no more than 25% ethauol. 

mtALDH referred to in the disclosme of the invention herein is human 
mtALDH and is a known enzyme and is described in Vasihon, V., Chemico- 
Bioiogical Interactions 129, 1-19 (2000), unless otherwise stated. However any 
mitochondrial mtALDH could fiilfill criteria for determining iuhibitor of mtALDH. 
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Brief Description of the D rawings 

FIG. 1 is a graph showing results of Background Example 4 and particularly 
the percentage of 1,2-GDN produced fi om GTN in the presence of excess 
mtALDH by various agents compared to maximum possible conversion of GTN to 
1,2-GDN. 

Detailed Description 

We turn now to the fir st embodiment of the invention herein, which is a 
method of treatfaig a patient in need of GTN therapy, allowing inter alia increased 
dosage of GTN, postponement of GTN mediated tolerance and GTN 
preconditioning, comprising the steps of administering a therapeutically effective 
amount of GTN and a therapeutically effective amount of mtALDH inhibitor. 

The patient m need of GTN therapy is a patient Avith a disorder for which 
GTN therapy is now considered to be efficacious and includes a patient with an 
ischemic coronary syndrome (e.g., imstable angma and/or myocardial infarction), a 
patient with severe peripheral vascular disease, i.e,, where the peripheral vascular 
disease Umits waUdng of the patient, a patient who has had a transient ischemic 
attack, a patient who has or is at risk for a stroke, a patient with portal 
hypertCTsion, a patient having a syndrome where NMDA receptor is overexcited 
(e.g., a neiu*odegenerative disorder, such as Paricinson's disease, Himtington 
disease, or Alzheimer's disease), asthma, rectal spasm, depression, AIDS dementia, 
post-operative and CABG (bypass surgery) dementia, and CNS malignancy. 

The method of the first embodiment enables increasing the dosage of GTN 
to achieve effect without causing hypotension. This benefit is important for a 
patient who has or is at risk for a stroke and for a patient who has a syndrome 
where an NMDA receptor is overexcited or asthma, i.e., conditions where 
hypotension limits efBcacy. Without the invention herein, the effective maximum 
dosage of GTN is limited by the occunence of GTN tolerance and rarely exceeds 
200 mcg/min. 

As indicated above, the method of the first embodhnent allows GTN 
preconditiomng, i.e,, upregiilation of protective genes and enzymes that reduce 
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iujmy. This function is important for patients having a disorder selected from the 
group consistmg of ischemic coronary syndi omes, severe peripheral vascular 
disease and transient ischemic attack. 

As disclosed above, the method of the 6rst embodiment causes 
postponement of GTN mediated tolerance. This occms as a result of 'inhibitor 
protecting the mtALDH enzyme. 

We tum now to the therapeutically effective amoimt of GTN. This ranges, 
for example from 10 mcg/min to 1,000 mcg/min. Doses vaiy greatly among 
patients, and therapy is titrated to blood pressme and symptoms. AdminisUation is 
by intravenous route but can be topical or sublingual. 

We tum now to the mtALDH inhibitor. This can be a substrate for 
mtALDH which is competitive with GTN, e.g., acetaldehyde, and includes agent 
that when administered or ingested causes increase ia endogenous production of 
such substrate, e.g., red wine. The mtALDH inhibitors also hiclude noncompetitive 
inhibitors, e.g., those which form a covalent bond at the active site of mtALDH to 
mhibit its activity. Noncompetitive mhibitors include cyanamide, chloral hydrate, 
acetaminophen, antibuse, disulfiram, and oral hypoglycemics, e.g., sulfonylmea 
hypoglycemic such as chlopropramide, or tolazamide or gUpizide. 

As indicated above, the mtALDH inhibitor is adrmnistered in a 
therapeutically effective amount. The therapeutically effective amount is that which 
enables increasing the dosage of GTN, enables obtainment of GTN preconditionhig 
and/or causes postponement of GTN mediated tolerance. The dosages for the 
mtALDH inhibitors can be those described in the Physician's Desk Reference for 
the particular inhibitor for other disorders (standard dosage), with variation with 
disorder treated and mtALDH mhibitor used. Normally one-tenth the standard 
dosage is sufficient. Exemplary cases are set forth hi worldng examples herehiafter. 
The route of admmistration for the mtALDH mhibitor can be, for example, oral or 
intravenous. 

We turn now to the second embodiment herein which is a method of 
increasing or stabilizing blood pressure in a hypotensive patient or in a patient who 
is sensitive to GTN mediation of hypotension or in a patient where hypotension is 
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limLting, said patieut being in ueed of GTN therapy, comprising administering to 
said patient a therapeutically effective amotint of GTN and of an uihibitor of 
mtALDH. As used ia the prior sentence, a hyi^otensive patient is one with a 
systolic blood pressure less than 90 except less than 120 for a patient Avith a 
cerebrovascular disease and less than 180 for a patient with a stroke, and 
hypotension means a fall in systolic blood pressur e by 5 mmHg or more. 

One scenario where the second embodiment is unportant is when the patient 
has unstable angina and sepsis and cannot receive nitroglycerin for treatment of 
angina because of the hypotension associated with the sepsis. 

Another scenario where the second embodiment is important is in a patient 
with a riglit ventricular infarct where administration of GTN is mdicated but who 
aheady has hypotension or who, because of having a right ventricular hifarct, is 
sensitive to GTN mediation of hypotension. 

Other scenarios where the second embodiment is important are where GTN 
is being administered for a purpose at least partly unrelated to vasodilator activity 
and the efficacy of GTN therapy or GTN high dose therapy is hmited by 
hypotension. This includes the case of nitrate mediated protection in 
preconditiomng (use of niti ates to decrease the size of tissue infai ction) which is at 
least partly unrelated to vasodilator activity and the case of a patient with or at risk 
for a stroke where the protective effects of nitrates are independent of then 
vasodilator activity. Other cases include nitrate therapy for NMDA-related 
disorders or asthma (where hypotension is Umitmg) or portal hypertension.. 

The mtALDH inhibitors and doses thereof and routes of admmistration for 
the second embodiment and the doses and routes of admhustiation for GTN for the 
second embodiment, aie the same as described above for the first embodunent 
herein. 

The mtALDH mhibitors for this embodunent should not also block the 
receptor smce the mtALDH enzyme mediates hj'potension and the receptor 
mediates neuroprotection. 

We turn now to the thiid embodiment herein which is a method of tieating 
ischemia or congestive heart failure in a patient ui need thereof comprising 
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administering to said patient a therapeutically eflfective amouut of a nitiite generator 
(an organic nitiite wliicli produces nitiite as a metabolic product) which is not GTN 
and is targeted to, i.e., accesses, mitochondria. 

The nitrite generators include uitro, Le., -NO2, substituted subsUates for 
mtALDH, e.g., nitioacetaldehyde and nitrites which enter the mitochoudiia, e.g., 
ethyl nitrite as well as nitro derivatives (i.e., contains -NO2 group) of lipophilic 
and/or cationic thiol or nitro derivatives of a lipophilic and/or cationic alcohol; this 
works because the mitochondrial matiix is negatively charged, and positively 
charged molecules are targeted there, and Upophihc molecules also are targeted to 
mitochondria. Thus, the use of lipophilic tiiphenylphosphouium cations to carry 
nitro gi'oup(s) provides treatmg agent for the third embodiment herein; 
thiouitrobutyltriphenylphosphonium (e.g., chloride salt) is a suitable treating agent 
of this type. 

The nitrite generators are administered in a therapeutically effective, i.e., 
symptom relievmg amount, e.g., ui a general dosage ranging firom 10 mg to 
1,000 mg per day, with the dosage varying with treating agent and condition 
treated. Exenqplary dosages are given in working examples heremafter, Tlie route 
of adrrrinistration is preferably mtravenous, but other routes of adniinistiation, e.g., 
oral or topical are also useful. 

We turn now to the first variation of the fourth embodiment of the invention 
herein, which is a method of potentiating the effect of organic nitrate m a patient 
admmistered organic nitrate, comprising administering to said patient a 
therapeutically effective amount of organic nitrate and also a therapeutically 
effective amount of a mitochondria selective thiol or of a transgene of mtALDH 
which overcomes inhibition of endogenous mtALDH and/or increases NO 
bioavailabihty and/or causes decrease in GTN tolerance. 

mtALDH generates nitrite fiom nitioglycerin and the nitrite is then 
converted to. NO bioactivity. The enzyme becomes inactivated by GTN when GTN 
oxidizes the en2yme. When the enzyme becomes inactivated, the result is impaired 
sensitivity to nitrates which is GTN tolerance. Certain thiols reverse tolerance by 
reducmg and thereby activating the oxidized mtALDH (or other component of the 
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mtALDH systein, e.g., a component regulating level of cofactor) and by facilitating 
removal of NO2 groups from GTN. 

Transgaie of mtALDH overcomes inhibition of endogenous mtALDH by 
providing enzymatic activity. Transgene of mtALDH increases NO bioavailabiHty. 
Transgene of mtALDH causes deciease in GTN tolerance by overcoming inhibition 

of biotransformation. 

The disorders where the first variation of the fourtli embodiment herein is 
important include unstable coronary syndromes, including unstable angina, 
restenosis, heart faihire, asthma and rectal spasm 

The organic nitrates for the first variation of the fourth embodiment are 
those which release NO^ group on administration to treat the pathological 
disorders where such release improves symptoms of said pathological disorder. 
These organic nitrates include, for example, GTN, isosorbide dinitrate, nicorandil, 
and isosorbide mononitrate. The organic nitrates are administered in the dose 
nomiaUy used for the disorders treated by the routes of administration normally 
used,for such organic nitrates, or preferably at 30 to 60% of said dosages (i.e., a 

dose of 1 mcg/min to 1,000 mcg/min IV for GTN). 

Tlie mitochondria-selective thiols include, for example, amifostine and 
thiols which are positively charged, e.g., the thiobutyldiphenylphosphonium cation. 

mere the organic nitrate is GTN, mitochondiia-selective thiol can be 
administered to potentiate the eflfect of GTN by unproving the efficacy or increasing 
the potency of GTN by reducing and thereby activating mtALDH or oxidized 
mtALDH and also by faciUtating removal of NO^ groups or by reversing GTN 
tolerance caused by oxidation by GTN of mtALDHby reducing the oxidized 
mtALDH. 

The dosage for the mitochondria-selective thiol is therapeuticaUy eflfective 
amount, Le., a nitrate, e.g., GTN, potentiating effective amount, and can range, for 
example, firom 1 mg/kg to 200 mg/kg and varies depending on the agent used and 
the disorder treated. Route of administration is preferably intravenous but can also 
be oral. Exemplary dosage and route of administration in treating a patient with 
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persisteut angina is given for iMouitrobutj'lphenylpIiospliomum cation in worldng 
Example XIV hereinafter or, for example, is 50 mg/kg IV. 

We turn now to the Uansgeue treatmg agent. This supplies a functioning 
additional or other ALDH enzyme. Suitable tiansgene may be prepared by standard 
adenovkal vector based technology. 

The tiansgene can be administered by infiision thi ougji a catheter inserted 
mto a coronary aiteiy. The transgene is administered in a GTN potentiatmg 
eflfective amount. Exemplary dosage and route of administration information is 
given in working Examples XV and XVI hereinafter. 

We tmii now to the second variation of the fouith embodiment of the 
hivention herein, which is a method of treating a patient m need of uitroglyceiin 
therapy comprismg administemg to said patient a therapeutically effective amoimt 
of nitroglycerin and a therapeutically effective amount of a dithiol and/or a 
therapeutically effective amount of other reductant capable of activatmg mtALDH. 

It is stated m the art that monothiols such as N-acetylcysteuxe, which raise 
levels of glutathione, can reverse tolerance, but it is now appreciated that 
monothiols potentiate GTN effect hidependent of reversing tolerance. As mdicated 
above, nitrolglycerin tolerance occurs because mtALDH enzyme is mactivated by 
GTN oxidizing the enzyme and/or components of the en2yme system requhed to 
maintain enzyme activity. Inasmuch as monothiols do not reverse this inactivation, 
monothiols cannot reverse tolerance 

We tmii now to definition of teims used above hi dfesciibmg the second 
variation of the fomth embodiment of the invention herein. 

The term "reductant" is used herein to mean reducmg agent. 

The term " capable of activating mtALDH" is used herem to mean capable 
of reducing oxidized mtALDH so the enzyme can catalyze conversion of GTN to 
1,2-GDN. Reductants that do not cause at least 20% 1,2-GDN fonnation hi the 
procedure of Background Example 4 hereinafter, are not capable of activating 
mtALH. 

We turn now in detail to the second variation of the fomth embodimmt of 
the invention herein. 
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The disorders of the patients in need of nitroglyceiin therapy for tbe second 
variation of the fourth embodhnent of the invention herein, include unstable 
coronary syndromes mcluding unstable angina, restenosis, heart Mure, portal 
hypertenaon, asthma and rectal spasm. 

In the second variation of the fourth embodiment of the invention herein, the 
nitioglycerin is administered in a dose used for the disorders treated, by the routes 
of administration normaUy used, or preferably at 30 to 60% of said dosages (e.g., a 
dose of 1 mcg/min to 1.000 mcg/min IV). For angina the dosage is a pain 
ameliorating amount. For restenosis, the dosage is a heart vessel relaxing amount. 
For heart failure, the amount is a blood flow increase causing amount. For asthma, 
the amount is an auway relaxing amount. For rectal spasm, the amount is a spasm 
ameUorating amount. For portal hypertension, it is a portal pressure lowering 
amount. 

We turn now to the dithiols. The dithiols are preferably mitochondria 
selective. The term "mitochondria selective" is used herein to mean ability to 
access mitochondria more readfly than other ceU components. A preferred dithiol 
for use herein is dihydrolqioic acid which is mitochondria selective and also is 
physiological in that it is a chemical made in the body. Dihydrohpoic acid for use 
herein is available commercially and can be purchased m pharmaceutically pure 
form 

We turn now to the other reductants capable of activating mtALDH. A 
preferred reductant capable of activating mtALDH for use herein which is not a 
dithiol is tris(2-carboxTetbylphosphine). Tris(2-carboxyethylphosphine) is available 
commerciaUy and can be piuchased in phanuaceuticaUy pxue form. 

The dosage for the thiols and the other reductants for the second variation 
of the fourth embodiment of the invention herein is a tlierapeuticaUy effective 
amount, that is a nitroglycerin tolerance reversmg, postponing or preventing 
amount, and can range, for example, from 1 mg/lcg to 200 mg/kg and varies 
depending on the agent used and the disorder treated. Route of administr ation is 
preferably intravenous but also can be oral. Exemphiry dosage and route of 
adnnnistration in treating a patient with persistent angina are given for dihydrohpoic 
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acid m working example XXXn hereiuafter, aud are, for example, 50 mg/kg IV. 
Exemplary dosage and route of administration for unstable angina are ^en for 
tris(2-caiboxyethylpIiosphine) in workiiig example XXXffl hereinafter and are, for 
example, 1 gm in&sed over 30 minutes. 

We turn now to the fifth embodiment herein which is directed to a method 
of countering loss of GTN activity, i.e., reversing GTN tolerance, in a patient 
admmistered GTN comprising administeiing to said patient a dnig imparting NO 
bioactivity (e.g., nanomolar amounts of NO bioactivity) that does not require 
mtALDH for its metaboHsm. Currently, loss of GTN activity is countered only by 
increasing dosage of GTN. 

The patients for this embodiment are those, for example, in need of 
antianginal or preload (load on the right side of the heart) reducing activity. 
Patients in need of preload reducing activity include patients with heart failure, 
angina or myocardial infarction. 

Drugs, for example, which include nitroso gi oup or which are mononitrites, 
thiomtrites, thiouitrates, can be assessed for use in the fifth embodunent herein by 
activity in aortic ring bioassays as described ui Stamler, J. S., et al., PNAS 89, 444- 
448 (1992). 

Suitable drugs include S-nitrosoglutathione, glycerol mononitrite, glycerol 
thionitrite and glycerol thionitrate. Dosage is a therapeutically effective amount, 
i.e., an amount which reUeves one or more symptoms and generaUy ranges fiom 
nanomolar- to micromolar final concentrations in the blood or airway but varies 
within this range depending on tlie dnig administered and disorder treated. Route 
of administration usuaUy is intravenous but can also be oral or topical Working 
examples XX and XXI set foith hereinafter show specific dosages and routes of 
admuiistration for S-uitrosoglutathioue and glycerol thionitrite. 

We txu-n now to the sbrth embodiment of the invention herein which is 
directed to a method of treating a patient in need of nitrosova so dilation (blood 
vessel dilation from an NO donor (compound that is able to transfer NO"^, NO', 
NO', NOj"" or NOj' to biological molecules or mediate such transfer)) but avoiding 
tolerance, mitochoudrial dysfimction and atherogenic potential, comprising 
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admijiistering to the patieut a mtiosovasodjlator which is not a subsUate for human 
mtALDH and/or is a substrate for a diflFerent human ALDH, i.e., aldehyde 
dehydrogenase enzyme, which has been or wiU be determined by sequence 
homology to human mtALDH. Tolerance as used m the previous sentence means 
loss of nitrosovasodiUtion activity. Mitochondrial dysfunction as used in this 
paragraph means cauang impaiimeat of blood vessel wall. Atherogenic potential as 
used in this paragraph means predisposes to atherosclerosis because of impairment 
of blood vessel waU and narrowmg of blood vessel because of insufficioit 
vasodilation. Nitrosovasodilator as used m this paragiaph means con5)ound that is 
able to transfer NO^ NO", NO*, NO/ or NO^" to biological molecules or mediate 
such transfer, to obtain bloodvessel dilatioiL 

The patients for the sixth embodhnent herein include, for example, patients 
ui need of antiangmal or preload (load on the liglit side of the heart) reducing 
activity, e.g., patients -with the angina or heart failme. 

Treatuig agents for the sixth embodiment herein include 2-glycerol 
mononitrite and amyl nitrate which are not a substrate for human mtALDH and not 
a substrate for other ALDH enzyme. 

Treating agents for the sixth embodiment herein also include those which 
are a substrate for human ALDH enzyme -v^ch is not mtALDH, and contain NO^ 
moiety. We turn to these treating agent substi ates. 

One class of these substrates are NOj derivatives of 13-cis retinoL These 
are substrates for the ALDH enzymes, human ALDHlAl, ALDHLA2 and 
ALDH1A3. 

13-cis-retinalhasthe structure: 






(4) 



(5) 
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ONO 

Compounds (1) - (6) are prepared fiom l3-cis-retinal by allylic oxidation, 
separation and o-nitrosation. 

A member of another class of these substrates is mega-NO which is a 
substrate for the ALDH enzyme, human ALDHIAI. 

Another class of these substrates are NO2 derivatives of acetaldehyde. 
These are substrates for the ALDH enzymes human ALDHIAI, ALDHIBI as weU 
as for human mtALDH. 

Acetaldehyde has the stractme: 




NO2 derivatives of acetaldehyde usefld herein include 



O (7) 



O 



ONO^L 



H 



ONO 



(8) 



(9) 



wo 03/075832 



PCT/US03/03126 



-17- 



Li stracture (9), R is Ci-Q alfcyl or other organic backbone. 

Compomid (7) can be prepared fcomhydioxyacetaldehyde (glycolaldehyde 
dimer) by o-uitrosation. Compound (8) can be prepared from glyoxal by partial 
hydration and o-nitrosation. Compoimd (9) can be prepared from acetaldehyde by 
nucleophOic attack of the enolate on an appropiiate substrate and o-nitrosation. 

Another class of these substrates are NO2 derivatives of foUc acid. These 
are substrates for the ALDH enzyme human ALDHILI, 

FoUc acid has the structure: 




NO2 derivatives of foUc acid usefiilherem include: 
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Li structures (15) and (16). R can be Cx-C, alkyl or other organic backbone. 

Compounds (10) - (16) can be prepared ftom folic acid by esterification, 
alpha-hydroxylation, and, and o-nitrosation for -ONO compounds, and by o- 
nitrosation for -CO,NO compounds, with necessary protection/deprotection. 
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Another class of these subsUates are NO^ derivatives of aromatic aldehydes. 
These are substrates for the AJLDH enzyme huniau ALDH3A1. 
Benzaldehyde has the structure: 




NO, derivatives of benzaldehyde useful herein include 




ONO 



(17) 




ONO 



(18) 




ONO 



(19) 
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Iii stmctuie (19), R can be C,-Q allcyl or other orgauic backbone. 

Compounds (17) - (19) can be made from commercially available 
benzaldebyde derivatives by alpha-hydioxylation and/or o-nitrosation. 

Still another class of these substrates are NO^ derivatives of fatty aldehydes. 
These are substrates for the ALDH enzyme hmnan ALDH3A2. 

Fatty aldehydes have the structures 

where n ranges from 0 to 34 and m ranges from 0 to 34. 

NO2 deiivatives of fatty aldehydes usefiil herein include 

ONO 
ONO V / m 

Lx structures (20) and (21), n ranges from 0 to 34 and m ranges from 0 to 

34. 

Compoimds (20) and (21) can be made from fatty acids by reduction, alpha- 
hydro?q'latiou, and o-nitrosation, with necessary protection/deprotection. 

Still another class of these substrates are NO2 derivatives of succinic 
semialdehyde. These are substrates for the ALDH enzyme human ALDH5A1. 



(20) 



(21) 



wo 03/075832 PCT/US03/03126 

-21- 

Succinic setnialdekyde has the structure: 

O 

NO, derivatives of succinic semialdehyde useM herein include: 



COgH 
ONO 



^0 

Cp^No 



(22) 



(23) 



Q QMO 

^^CQaH (24) 



O 

A (25) 

owo 



(26) 



Bi structur es (25) and (26), R can be Ci-C^ alkyl or other organic backbone. 
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Compoiuids (22) - (26) can be made by the appropriate combination of tlie 
following: esterification. alpha-hydroxylation. nucleophiJic attack by the euolate, 
saponification, and o-nitiosation, with necessary protection/deprotection. 

Yet another class of these substrates are NO^ deiivatives of L-glutamic a cid, 
semi-aldehyde. These are substrates for the ALDH enzyme human ALDH4A1. 

I^Ghitamic acid, semi-aldehyde has the structure: 

HaN-]— in 

CH2 
1=0 

NO, derivatives of L-glutamic acid, semi-aldehyde useM herein include 



CO2H 
H2N— |— H 

Cf-|2 

ONO-CH (27) 
1=0 



CO2H 
H2N— (-0NO 

9H2 (28) 
CH2 



CO2IMO 
HaN— |— H 

CH2 (29) 

CH2 

1=0 



CO2H 

HsN-f-H (30) 
1=0 

In sti-ucture (30), R can be C.-Q alkyl or other organic backbone. 
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Compounds (27) - (30) can be made by from L-gliitamic acid b)' tlie 
appropriate combinatiou of the foUowiug: protection esterificatiou, alpha- 
liydroxylation, nucleopliilic attack of the enolate, and o-nitiosatiou, and 
deprotectiou. 

Yet another class of these substrates are NO2 derivatives of methyl malonate 
senaialdehyde. These are substrates for the ALDH enzyme human ALDH6A1. 
Methyl malonate semialdehyde has the stiaictiue 



NO2 derivatives of methyl malonate semialdehyde useful herem inchide 



ONO 



^CO^Me (32) 

O 



o o 



(33) 



In structuies (32) and (33), R can be CrCg alkyl or other organic backbone. 

Compounds (31) - (33) can be prepared by appropriate oxidation or 
reduction of malonate derivatives and o-niti osation, withprotection/deprotection as 
needed. 

Yet another class of these substrates are NOj derivatives of amino 
aldehydes. These are substrates for the ALDH en2yme human ALDH9A1 . 
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Ainino aldehyde substrates for ALDH9A1 have the structure: 

O 

H 

where R cau be Cj-Q allcyl or other organic moiety. 

NO2 derivatives of amiao aldehydes useful herein include: 



0 

R. 



"ONO. 



NH2 



(35) 



In (34) and (35), R can be CpQ alkyl or other organic moiety. 

Compounds (34) and (35) can be made by alpha-hydroxylation and o- 
nitrosation of protected/deprotected derivatives. 

The dosage for the tieating agent for the sixth embodiment is a 
therapeutically eflfective, e.g., symptom reUeving, amount, and can range from 
nanograms to miUigrams per day with variation within the range for the various 
treating agents and the disorders treated. Route of administration can be oral or 
intravenous or topical. The route of administration for amyl nitrate and 2-glycerol 
mononitiite is preferably oral. 

NO2 is cleaved from (1)-C35) by ALDH enzyme because it is a reactive 
group and is displaced by biological nucleophile. 

The second human ALDH enzyme in the mitochondria (i.e., besides 
mtALDH) is human ALDHIB 1 and it metabolizes ahphatic aldehydes. NO2 
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containing substrates for it described above are a preferred tieating agent for the 

sixth embodiment herein. 

We turn now to the seventh embodmaent herein which is a method for 
treating a patient in need of antianginal and/or preload reducing activity, comprising 
administeiing to said patient a therapeuticaUy effective amount of mitochondria 
impermeable nitrate or nitrite. 

The disorders treated in the seventh embodiment are the same as the 
disorders mentioned above for patients in need of antianginal or preload reducing 
activity. 

The treating agent for the seventh embodiment herein is a nitiate wMch is 
mitochondria impermeable. These can be nitrates with a negative chai ge as 
structmes with a negative charge do not access the mitochondria. Treating agents 
usefiil herein in the seventh embodiment include the following: 



O 

0 



Na* 



(36) 




^ONO 



Na* 



(37) 



O 

0 



(38) 
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(39) 



wherein R is Cj-Cg allcyl or other organic moiety and R' is Ci-Cg alkyl or other 
organic moiety, 

Compoimds (36) - (39) can he made hy deprotonation of the o-nitrosated or 
o-nitrated substrate with necessary protection/deprotection. 

As indicated above, the compounds are administered in a therapeutically 
effective amount which for the seventh embodiment is an angina or preload 
reducing amount. Dosage generally ranges from 10 to 1,000 mg/day with variation 
with this range occmiiug depending on dmg administered and disorder treated. 
Route of administration can be, for example, intravenous, oral or topical. 

We turn now to the eighth embodiment herein which is dhected to a method 
of determining cross-tolerance of mtroglyceiin and other drag comprising assaying 
to determine whether the other drag inhibits mammahan mtALDH with inhibition 
indicating cross-tolerance. 

Certain classes of drags such as sulfonyhurea hypoglycemics, chloral hydrate 
and acetamhiophen inhibit human mtALDH activity and are thus here discovered to 
be contraiudicated hi a patient taking organic nitrate esters for the tr eatment of 
acute ischemic syndiomes and congestive heart failure. 

Furthermore, if a nitrosothiol, for example, inhibits human mtALDH, it 
would attenuate the therapeutic effect of nitroglycerin and vice-versa. Thus, an 
assay to deteimme cross-tolerance of nitroglyceiin and other drag which contams 
anNOx group where x is 1 or 2 or which is metaboUzed to produce NO bioactivity 
(activity associated with NO, e.g., vasodilation) would be usefiil to select a drug to 
complement the NO bioactivity of GTN. 
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Hie assay for tlie dghth embodiment can be any wbicbl determines wliether 
the other di-ug inhibits mtALDH under the physiological or pathophysiological 
conditions which are present. TTie mtALDH for the assay is preferably human 
mtALDH for the most accmate results, but can be other mtALDH which has the 
conserved sequences of human mtALDH and at least 30% homology. For example, 
the mtALDH from mouse macrophage RAW 264.7 cells, the purification of which 
is described in Backgroimd Example 1 hereuiafter, can be used. An exemplary 
assay is described in Kebay, W., et al, PNAS 94, 1675-1679 (1997). The effect of 
drug (at InM - l^iM concentration) on enzyme activity is assessed. In a preferred 
assay, aldehyde dehydiogenase activity is monitored at room temperatme by 
following NADH fonnation at 340nm ui an assay mixtme (1 ml) containing 100 
mMtris-HClpH8.5, ImM NAD^, ImM propionaldehyde. Intheprefened 
embodiment, human, the assay can be done on blood cells isolated fiom the patient. 

We taxa now to the ninth embodiment herem which is a method of selecting 
between GTN and other antianginal or preload reduciag dmg for administering to a 
patient in need of antianginal and/or preload reduchig activity, comprising 
determining whether polymorphism (variation m gene that alters enzyme activity) 
exists in the mtALDH gene of the patient, and administering GTN if not, and other 
dmg, if so. 

Tlxe patients in need of antiangmal and/or preload reduchig activity are 
described above. 

We turn now to the reason why the assay of the ninth embodiment is 
unpoitant. There can be a polymoiphism m the mtALDH gene that is Unked to 
ethanol metabohsm If this polymoiphism is present, GTN is inactive in the patient. 

If polymorphism iudicatmg that GTN will be ineffective is found, a nitrate 
ester different from GTN should be admuiistered instead, e.g., pentaerythritol 
tetratbionitrate, or paitaerythritol tetranitrate. 

The mtALDH genotyping to detenmne the polymorphism can be carried out, 
for exanj^le, by standar d genetic methods usmg blood cells. 

We turn now to the tenth embodiment herem which is a method of 
determining dose of nitrate for a patient compiismg pmiifymg mtALDH fiom the 
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patieut and determimug the activity of the pmified mtALDH on the niti ate to 
determine dose that is effectively naetaboUzed and does not cause inactivation of 
mtALDH. 

The mtALDH is preferably pmij&ed fiom eiythiocyte or other blood cell of 
the patient. This can be carried out, for example, using the same steps as in 
Background Exartq)le 1. Enzyme activitj^ is detenmnable as described for tlie eighth 
embodiment above. 

The assay of the tenth embodiment is especially usefiil when it is proposed 
to give GTN prophylactically to prevent an episode of angina. In such case, there 
would be no basis for knowing whether the GTN would be effectively metabolized 
or whether the dose is too higli (as measured by inactivation of the mtALDH). 

If the assay shows the purified mtALDH fiom the patient effectively 
metabolizes GTN, then GTN would be given. 

If the assay shows the purified mtALDH fiom the patient does not 
effectively metabolize GTN, then other nitrate ester, e.g., pentaeiythritol 
tetranitrate, or pentaerythritol tetrathionitrate would be given if testmg determined 
it was effectively metabolized by the pxuified mtALDH. 

The determination of activity of the puiified mtALDH is also important as a 
predictor in respect to tolerance, i.e., so as to give a dose that would be effective 
for at least an acute condition vsdthout the causing of GTN tolerance. 

We tum now to the eleventh embodiment of the invention herein. 

As indicated above, GTN is conventionally administered intravenously in the 
treatment of unstable angina and heart failure and in hypertensive emergencies, 
typically in a dosage ranging fiom 5 to 100 ^g/min, e.g., fiom 20 to 54 ^g/min, for 
40 to 100 minutes , in the form of a composition containing 20 mM GTN in 50% 
ethanol (e.g., 7 to 8 molar ethanol or over 100 tunes the moles of GTN). 

The discoveiy of the mechanism for biotransfoimation of GTN being by 
reductase action of mtALDH on GTN in the course of making the invention herein, 
and the knowoi action of alcohol dehydrogenase in metabolizmg ethanol with the 
production of acetaldehyde (See page 624 of Goodnoan & Gflman's The 
Pharmaceutical Basis of Therapeutics, Eds, Hardiman, J., G, et al, McGraw-Hill, 
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New York, lOtli edition, 2001), and the known action of acetaldehyde as a 
substrate for mtALDH, and the known effect of GTN infusion producing side 
eflFects like those caused by disulfiram in those who drink alcohol (indicating based 
on the discovery mentioned above, competition for the action of mtALDH) and the 
showing in Backgiound Example 2 hereinafter that acetaldehyde inhibits the action 
of mtALDH so fkr as GTN metabohsm is concerned, lead to the conclusion that the 
ethanol present in a composition for intravenous administration of GTN will 
interfere with the eflFectiveness of the GTN as a result of the acetaldehyde 
metabolism product of ethanol beiag a competitive substr ate for the same enzyme 
as metabolizes GTN. This leads to the fiuther conclusion that msofar as nitrate 
tolerance is measured by loss of effectiveness of GTN, ethanol which is present in 
compositions for intravenous administration of GTN, reduces the effectiveness of 
GTN and thereby contiibutes to the development of nitrate tolerance. 

The eleventh embodiment of the invention herein addresses the contribution 
of ethanol, in compositions for intravenous administration of GTN, to reduction of 
GTN effectiveness and is diiected to a composition for intravenous administration 
of GTN, said composition comprising a therapeutically effective amoimt of GTN in 
a carrier and either not containing compound which is or metabolizes to substrate 
competitive with the GTN as a substrate for mtALDH, e.g., not containing ethanol, 
or containing as the only earner, one which contains a reduced amount of ethanol 
compared to conventional compositions for intravenous administration of GTN, 
e.g., no more than 25% ethanol 

In a case where the composition does not contain any of the ethanol which 
is conventionally present as one of the carrier ingredients for intravenous 
administiation of GTN, the carrier for the composition comprises, for example, 
vehicle selected from the group consisting of an alcohol different &om ethanol, e.g., 
methanol, propanol, isopropanol or butanol, a glycol, glycerol, saline and phosphate 
buffered saline. The alcohols, glycols and glycerol are typically in the form 0^40- 
60% aqueous solutions. Saline can be used as pure saline. 

The use of methanol and ethylene glycol are limited to non toxic amounts. 
Since nitroglyceiii is not very soluble in water (1 gm in 800 ml compared to 1 gram 
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iu 4 ml ethauol) and sparingly soluble in glycerol, use of pure saline, phosphate 
bufifered saline and glycerol as or in carriers for the GTN, involves administration of 
larger amounts of GTN- containing compositions, containing these, but this can be 
acceptable because the concentration of GTN that is active is still at least 1000 
times lower than its solubiUty. Piefened canier constituents to replace ethanol are 
propylene glycol and isopropanol, with 40-60% propylene glycol or isopropanol in 
water being more preferred and 50% propylene glycol in water beiag very 
preferred. 

We turn now to the cases where the composition contains some ethanol but 
a reduced amount of ethanol compared to conventional compositions for 
intravenous administration of GTN. In one case the composition shoidd contain at 
least 100% less ethanol than the conventional composition, Le., the canier should 
contain no more than 25% ethanol. In another case the composition should contain 
at least 10 fold lower amount of ethanol than the conventional composition, i.e., the 
carrier should contain no more than 5% ethanol. Applicable compositions include 2 
to 30 mM GTN ia 0.1 to 25%, e.g., 0.5% to 25%, e.g., 1 to 25%, e.g., 5 -10%, 
ethanol. 

As indicated above, a therapeutically effective amount of GTN is included in 
a con:q)osition. This amount is limited by the toxicity of tlie carrier and the 
solubiUty of GTN in the canier. For compositions where the carrier is 50% 
propylene glycol in water or 50% isopropanol in water, the GTN is present, for 
examqple, at a concentration ranging from 2 to 30 raM. 

As with conventional compositions for intravenous adroinistration of GTN, 
the compositions herein are usefiil for treatment of unstable angina, heart failure and 
hypertensive emergencies and may be used to treat myocardial iofarctiou, by 
intravenous administration. The administration rate depends on the solubility of 
GTN in the canier and the toxicity of the canier. For 40-60% propylene glycol or 
isopropanol in water as the carrier, appUcation rates of 1-100 fig/iniu, e.g., 20-54 
|ig/min, of nitroglycerin, for 40 minutes to 2 days, are appUcable. Use of lower 
apphcation rates, e.g., 1-5 [xg/minhave the advantage of not causing nitrate 
tolerance or postpomiig it conqpared to conventional cases. 
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The following Background Examples 1-3 are basis for the discoveiy 
imderlyiug the inventive embodiments herem, that biotransformation of GTN occurs 
predominantly in mitockondria through a previously unknown reductase action of 
mtALDH and that the attenuated biotransformation of GTN by mtALDH underhes 
nitrate tolerance. 

The following Backgiound Example 4 is basis for the discoveiy that 
administration of dithiols and other reductants capable of activating mtALDH can 
reverse, postpone or prevent nitroglycerin tolerance. 

Back^oimd Example 1 

Pm-ification of mtALDH fi om Cell 
Sample Generatmg Mainlv 1.2-GDN from GTN 

Dififerent animal tissues and cell lines were screened by monitoring 1,2-GDN 
formation by thin layer chromatogi aphy from physiological (submicromolar) 
amounts of GTN. It was found that mouse macrophage RAW264.7 cells (obtained 
from ATCC) resemble vascular smooth muscle cells m generating 1,2-GDN as a 
product of GTN metaboUsm and, followmg homogenization by sonication, the 
enzyme activity was predominantly in the 100,000 g supernatant. 

Enzyme producing 1,2-GDN fr om GTN was isolated fr om mouse 
macrophage RAW264.7 cells by the procedure described below. 

Duiittg protem purification, the assay mixtmes (1 ml samples) contained 100 
mM KK, pH7.5, 0.5mM EDTA, 1 mM NADH, 1 mM NADPH, 0. 1 or 1 jiM 
[^"^CIGTN and protem sample fiom column fiactions. After mcubation at 37°C for 
10 to 30 mkutes, the reaction was stopped (by adding dry ice) and GTN and its 
metabohtes were extracted by 3x4 ml ether, the eflier phase was combined and the 
solvent was evaporated b5' a stream of nitrogen. The final volume was controlled to 
less than 100 ^.1 m. ethanol for subsequent thin layer chromatogiaphy (TLC) 
separation and liquid scintillation spectrometry countmg, Le., (TLC-LSS), to 
detemmie amount of [^'^C] 1,2-GDN, to select samples with enzymatic activity (i.e., 
1,2-GDN producing activity). 
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Enzyme purification was earned out as follows: Mouse macropliage RAW 
264.7 cells were homogenized in a 30 mM phosphate buffer (KPi), pH 7.5, 
containing 1 mM dithiothreitol (DTT), 0.5 mM EDTA and protease inhibitors 
(1:200 dilution). The 100,000 g supernatant was loaded onto a DEAE-cellulose 
column and the flow through fi actions which contained the enzyme activity were 
pooled and concentrated. After three-fold dilution with cold water, the pooled flow 
thr ough fractions were loaded onto a Q-sepharose column and the activity was 
eluted by a phosphate gradient from 10 mM to 150 mM, pH 7.5; the active 
fiactions were pooled and soHd potassiimi chloride (KCl) was added to 1.25 M. 
The sample was then loaded on a Butyl- Sepharose cohmm. The enzymatic activity 
was eluted by decreasing the salt conceutration. The concentrated active fractions 
were dfiuted and loaded onto a hydroxyapatite column. After washing the column 
with 10 mM KPi/0.4 M KCl, the enxyme was eluted by a phosphate gradient from 
10 mM KPi to 150 mM KPi, pH7.5. 

Results after each step for GTN reductase purification fr om the mouse 
macrophage RAW264.7 cells is set forth m Table 1 below. 

Table 1 



Step 


Total 
Unit 
(nmole/ 
hr) 


Total 
Prbteiu 
(mg) 


Specific 
Activity 
(nmole/hr/mg) 


Yield 
Percent 


Fold 

Puiifica- 
tion 


100,000 g 
supernatant 


837.4 


2265 


0.37 


100 


1 


DEAE- 
Cellulose 


756.0 


345 


2.19 


90.3 


5.9 


Q-Sepliarose 


528.5 


123 


4.29 


63.1 


11.6 


Butyl-Sepliarose 


205.4 


10.9 


18.81 


24.5 


50.8 


Hydroxyapatite 


120.9 


3.6 


33.36 


14.4 


90.2 
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At the ettd of the procedure, the proteiu had been puiified to near 
homogeneity (90 fold), with a 14.4% overaU yield; its estimated molecular weight 
on SDS gel is about 53 kDa. N-tennhial sequence of 30 amino acid residues was 
obtained by Edman degradation and matched exactly with mouse mitochondria 
aldehyde dehydrogenase. To confiim that the isolated enzyme is located in the 
mitochondria and responsible for production of 1,2-GDN, preparations of 
mitochondria isolated from RAW 264.7 cells were assayed and found to generate 
1,2-GDN from GTN (0.29 nmole/hr/mg, 1 mM NADH7NADPH) whereas 
mitochondria-free supemataut had no residual activity. 

The puiified enzyme catalyzed the fomiation of 1,2-GDN and nitrite (NO2") 
from GTN. Specifically, the rates of 1,2-GDN formation were linear with 
physiological GTN concentrations in the range of 0. 1 to 10 ^iM, whereas 1,3-GDN 
was below detection hinits, and nitrite was generated in stoichiometric amonnts; the 
product ratio of 1,2-GDN/nitrite (0.83±0. 14, n=3) was similar to that of 1,2- 
GDN/NO^ (nitrite plus nitrate) (0.73±0.05, n=3). Thus, the overall reaction can be 
expressed as: 

GTN 1,2 - GDN + N02~ 

It was found that the purified enzyme could only catalyze 1,2-GDN 
formation when dithiol, e.g., dithiothreitol (DTT) or hpoic acid, was added. 
Further, the catalytic activity was lost upon removal of DTT by dialysis and could 
be fiiUy restored by addition of DTT but not by glutathione (monothiol). 

Tlie specific conversion of GTN to 1,2-GDN and dependence on thiol 
cofactor (as reductant) make mtALDH a compelling candidate as bemg the 
enzymatic system responsible for catalyzing the bioactivation of GTN in the human 
vasculature. This hypothesis was tested in the e:?q)eriments of Background 
Examples 2 and 3, leading to the conclusion that mtALDH is the enzymatic system 
responsible for the bioactivation of GTN in the human vasculatme. 
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Backgi'Qund Example 2 

Effect of mtALDH Inhibitois and Competitive Substrate on 
GTN Caused Relaxation of Vascular Smooth Muscle, 
1,2-GDN Production and cGMP Pioduction, In Vitro, 
niid on GTN Caused Re laxation Jn Vivo 

New Zealand white rabbits (2.5 -3 kg) were saciificed by carbon monoxide 
inhalation. Thoracic aorta were renaoved and cleaned of fat and connecting tissue, 
and were out into 3 mm rings. The rings were mounted under two grams of resting 
tension in tissue baths (25 ml) filled with Krebs sohition at The Krebs 

solution contains (mM): NaCl(118). KCl (4.8), MgS04 (1.2), KH, P04(1.2). 
CaCla (2.5), NaHCO, (25), glucose (1 1), pH 7.4. Tlie solution was bubbled with 
20% O2, 5% CO2 and balance N^. Changes in isometiic tension were recorded with 
Stratham transducers and a Gross polygraph. (Phenylephrine 1-10 \xM) was used 
to produce initial tension. Vasorelaxation activities of GTN and sodium 
nitroprusside (SNP) Avere measured for cumulative addition of GTN and SNP. 
Relaxation curves were obtained of percent relaxation versus log [GTN](M) and 
log [SNP] (M). Preincubation of the rings with the mtALDH inhibitors chloral 
hydrate and cyanamide or with the competitive substrate acetaldehyde, produced a 
rightward shift in the GTN relaxation ciuves. The ECso values for GTO induced 
relaxation were as follows: choral hydrate control, 14.5 ±5.9 nM, + chloral 
hydrate, 122.9 ±63.5 nM (P <0.01); cyanamide control, 15.8 ±6.0 nM, + 
cyanamide, 76.9 ±5.3 nM (P<0.01); acetalddiyde control, 13.1 ±5.7 nM, + 
acetaldehyde, 58.2 ±14.3 nM (P<0.01). The EC50 was increased 8.9, 4.9 and 4.4 
fold respectively, and the rightward shifts were dependent on inhibitor/competitive 
substrate concentration. By contrast, preincubation with the mtALDH inhibitors 
did not attenuate relaxation induced by die nitrosovasodilator SNP, by NO 
solutions or by verpamil which works tiirough an NO-independent mechanism. The 
results suggest a specific inhibition of the organic niti ate ester reductase activity in 
the arterial vasculature. 

Testing was canied out to confirm that 1,2-GDN generated in die aorta 
rings was reduced. For measur ement of 1,2-GDN, the rings were blotted and 
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weiglied before incubation in the bath chamber for one hour in Ki ebs solution. 
Assaying was conducted in test tubes where the rings were incubated with the 
inhibitors/competitive substrate in Krebs solution for 20 minutes before the addition 
of 1 nM GTN whereupon the mixture was kqpt at ST'C for 5 more minutes. The 
extraction and folloAving TLC-LSS analysis are the same as described in 
Background Example 1. Bufifei- control (Krebs buffer plus GTN) and nonspecific 
biotxansfonnation (heat inactivated rings plus GTN) experiments were also 
performed. 1,2-GDN formation activities were reported as subtraction of drat of 
buffer control. The testmg showed 1,2-GDN generation in the aorta rings was 
reduced by 1 mM chloral hydr ate, 1 mM cyanamide and 1 mM acetaldehydes to 
27.6%, 56.9% and 52.5% of control activity respectively. 

Testing was also carried out to deterinine whether the GTN reductase 
inhibitors and competitive substrate also significantly decreased cGMP 
accumulation in the aortic rings. Chloral hydrate and acetaldehyde, 1 for 1 
minute, completely blocked the mcrease in cGMP produced by GTN and cyanamide 
(100 \iM - 10 nM) reduced the cGMP increase by 46%. 

As a fiuther test of the physiological role of mtALDH m bioactivation of 
GTN, the effect of the mtALDH inhibitors cyanamide and chloral hydrate (at a dose 
lower than used in chnical practice) on the systemic effects of GTN infirsion in 
anesthetized rabbits was assessed. In this testing. New Zealand white rabbits (2.5-3 
kg) were anesthetized with isoflurane (15%). The carotid artery and jugular vein 
were isolated via cut down and cannulated. The arterial blood pressure was 
monitored continuously using Viggio Spectramed pressure transducer attached to a 
Gould recorder. GTN and other drixgs was infused via the jugular- vem: mtAUDH 
inhibitors (~5 mM) were infused intravenously 20 minutes prior to uiitiating studies 
with GTN. Both inhibitors significantiy attenuated the hypotensive effects of GTN, 
whereas they had Uttle or no effect on SNP (i.e., NO dependent) or adenosine (i.e., 
NO independent mediated hypotension). 
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Backgronnd Example 3 

Effect of GTN Tolerance on GTN Caused Relaxation of Vascular 
<;niQQth Muscle. 1.2-GDN Production and cGMP P i oduction. In Vitf^o 

Rabbit aoitic liug assays were carried out as in Background Example 2 
except that the rings were made GTN tolerant by treatment with 0.3 mM GTN for 
30 minutes and no mtALDH inhibitor/competitive substrate was present. 
Vasorelaxation activities of GTN and SNP were measm ed for cumulative additions 
of GTN and SNP. Relaxation curves were obtained of percent relaxation versus log 
[GTN] (M) and log [SNP] (M). The EC50 values for GTN relaxation for GTN 
tolerant contiol and for GTN tolerant were respectively 22.6 ± 9.2 nM and 3757.5 
± 2048.5 (i) <0.05). By contrast, no effect was found on SNP-induced relaxations 
on GTN tolerant rings compared to control. 

Testing in GTN tolerant aortic rings for 1,2-GDN foimation was canied out 
by the procedure of Background Example 2. The testing showed reductase activity 
as measiued by 1,2-GDN foimation decreased 60.4% in GTN-tolerant rings 
compared to control. 

Testing was carried out to compare cGMP production from GTN treatment 
of GTN tolerant aortic lings compared to control. Tlie testmg showed cGMP 
accumulation was abolished in the GTN tolerant itigs whereas cGMP accumulation 
was obtained in control rings. 

In addition, testing showed that activity of mtALDH in partially pmified 
preparations of GTN tolerant aoiric rings, was uihibited. 

Conclusions from Background Examples 1-3 
mtALDH is the enzyme responsible for catalyzing the bioactivation of GTN 
in the human vasculature and its mactivation underUes the occmience of GTN 
tolerance, 

GTN has relaxing effects independent of cychc GMP. 
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Backgiomid Examule 4 

Deteiiniuation that Dithiols and Other 
Reductants Activate intALDH but not Monothiols 

mtALDH isolated fiom mouse macrophage RAW 264.7 as described hi 
Background Example 1 above, was used. 

The test mixture was ImM GTN hi ethanol vehicle together with an excess 
of said mtALDH The GTN caused oxidation of mtALDH within a few minutes. 
Various compounds were then added and incubation was carried out at 37''C for 
10-30 mmutes. The various compounds added were dithiothreitol (DTT), ImM; 
dihydroUpoic acid (DHLA), 0.5mM; dihydroHpoic acid (DHLA), O.lmM; 
tris(caiboxyethylphosine), denoted TCEP, ImM; 2-mercaptoethanol (PME), ImM; 
n-acetylcysteme (NAC), ImM; cysteme (CyS), ImM; ascorbate, ImM; NADPH, 
ImM; NADH, ImM; and Upoic acid (LA), 0.5mM + 15 meg 
Upoamidedehydiogenase (LADH), an enzyme which converts hpoic acid to 
dihydxohpoic acid, + NADPH (necessaiy for fimctiomng of LADH), ImM. 

The results are shown in Fig. 1. As shown in Fig, 1, the best activators of 
mtALDH to cause conversion of GTN to 1,2-GDN, fi om among the compounds 
tested, were DTT, DHLA and TCEP. Of those DHLA and TCEP are prefeiTed 
therapeutic agents to be admmistered together with GTN to reverse, postpone or 
prevent nitroglycerin tolerance fi:om occurring in a patient. 

The embodhnents of the mvention are illustrated by the following worldng 
exaixqples. 

Example I 

A 70-year-old white male with an evolving stoke and anghia is begun on 
nitroglycerin IV at a dose of 0.6 mg per hour per day (or 0. 1 ^ig/kg/mhi). The 
blood pressure dropped from 160 systoUc to 120 mm Hg and the patient was then 
given chloral hydrate 50 mg P.O. Blood pressure rose to 160 systolic and the 
nitroglyceiin dose was then increased to 0.3 |rg/lcg/mhi. 
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Example II 

A 29-year-old white male with AIDS dementia is giveu the nitroglycerin 
patch (Nitro-bid), 2 niches of paste q 8 hours, but develops a headache and 
orthostatic hypotension. He is begun on Tylenol 1 giam q 4 hours with resolution 
of both the headache and syn^toms of orthostasis. 

Exatin?le ID 

A 69-year-old white male with Parkmson's disease is grven nitroglycerin m 
conjunction with antibuse (500 mg P.O.) and the dose of nitroglycerin was 
increased progressively from 2 mg per day to 24 mg per day without headache or 
symptomatic hyi^oteusion and the patienf s symptoms improve, whereas the patient 
had been previously intolerant to these higher doses. 

Example IV 

A 60-year-old white male with imstable angma is given 2 glasses of red wme 
to increase endogenous production of acetaldehyde and thereby allow nitroglycerin 
to be started at a dose of 1 mg per hour per day with rehef of symptoms, whereas 
previous attempts to gradually raise the dose of nitroglycem to achieve these 
levels induced tolerance. 

Example V 

A 55-year-old white male presents with elevated levels of troponin and an 
unstable coronaiy syndrome. No EKG changes are observed and the patient's pam 
resolves in the Emergency Roomudth sublingual nitroglyceiin. The patient is then 
begim on IV nitroglyceiin (20 ^lg/min) and chloral hydrate (250 mg q 6 hr). The 
following day the patient has a myocardial mfarction as evidenced by EKG changes 
and a CPKrise. Angiography shows complete occlusion of the left anterior 
descending coronary artery, but left ventricular fiuiction is largely presei-ved, 
consistent with a preconditioning effect of drugs. 



wo 03/075832 



PCT/US03/03126 



-39- 

Example VI 

A similar patient presents with unstable angina and is given IV nitioglycerin, 
0.2 jig/kg/min, attd gUpizLde (20 mg/day). Tlie patient suffers a myocardial 
inferction the following day with preservation of left ventricular fiinction. 

Example Vn 

A 63-year-old white male with unstable angina and sepsis cannot receive 
nitroglycerin because of hypotension and his angina remains inadequately treated.- 
The patient is begun on (disulfiram 500 mg P.O.) and then IV nitroglycerin is 
started (2.0 ng/min) with no effect on blood pressure. The patient's aagma 
resolves. 

Exam ple VDI 

A 53-year-old white naale with hypocholesterolemia presents with an 
mferior myocardial inferction and hypotension. Right sided EK.G leads show the 
presence of a right ventricular infarct and the patient is begun on chloral hydrate 1 
gm P.O. followed by IV nitroglycerin at 0. 1 ng/kg/nun with resolution of 
symptoms, and the patient's blood pressure improves. 

F.-gam ple IX 

A 65-year-old white male presents with a left-sided deficit and an evolving 
stroke. His blood pressure is 180 systoUc which is the lower hmit that is desirable 
in a patient with a stroke. He is begun on a combination of intravenous 
nitroglycerin and 1 gram of chloral hydrate. The nitroglycerin dose is increased 
from 20 |ig per minute to 100 ng per minute without a decline in blood pressure. 
The left sided deficit resolves. 

Example X 

A 62-year-old presents with unstable angma and the electrocardidgr am 
shows right ventricular ischemia. He is begun on 1 gram of chloral hydr ate and 
iatravenous nitroglycerin at 20 ng per minute without a faU in blood pressure. Tlie 
troponin level increases mdicating a myocar dial uifarction but the echocardiogram 
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sliows preservation of both right ventricular and left ventricular fimctiou, and the 
blood pressure remahis stable at 1 10 mm of mercury. Electrocardiographic 
evidence of ischemia resolves. 

Example XI 

A 73-year-old white male presents with a left hemispheral stroke and is 
begun on intravenous nitioglycei-in which drops systohc blood pressur e from 200 
systoHc to 140 imn of mercury systolic. The patient is given mtravenous 
acetaldehyde titrated to achieve cuculating concentrations of 1-10 nM, thereby 
normahzing blood pressure. The treatment prevents the stroke from progiessing. 

Example XII 

A 73-year-old vstote female with unstable angina becomes tolerant to IV 
nitroglycerin as evidenced by requiring increasing doses and loss of antianginal 
efficacy. A study of ALDH activity is done in the patient's red blood cells and the 
enzyme was found to be inhibited. The patient is began on IV ethyl nitrite, 0. 1 
^g/kg/mm, with a fell in blood pressure fr om 160 systoUc to 120 mm Hg. Anginal 
symptoms resolve. 

Example Xm 

A 73-year-old with angina and congestive heart failure becomes tolerant to 
nitrates as evidenced by dyspnea and leg sweUing despite increasing doses of the 
drug from 0. 1 to 0.5 |j,g/kg/mui over 24 hoius. The patient is begim on 
nitroacetaldehyde (which is targeted to mitochondria) at 0. 1 mg/kg/mm witii reUef 
of dyspnea. 

ExamnleXIV 

A 56-year-old white male with progressive tolerance to mtravenous 
nitrogfycerin has persistent angina. He is begun on an IV infusion of 
thionitrobutyltiiphenylphosphonium chloride, at 15 mg/kg q 6 hrs with reUef of 
symptoms and enhanced sensitivity to nitroglycerin. Tlie dose of nitroglycerin was 
then reduced in half 
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Example XV 

A 56-year-old with unstable angina on IV nitroglycerin develops tolerance 
over 48 hours as evidenced by recurrent chest pains despite increasing doses of 
drug. He is given an intiacoronaiy in&sion of ALDH transgene (10^ PFU) wdth 
relief of synqptoms. 

Exam ple XVI 

A 62 year-old white male develops unstable augma four weeks following 
placement of a stent in the left anterior coronary aiteiy and restenosis is 
documented angiographically. The patient is begun on intravenous nitroglycerin but 
symptoms persist. The patient is given an intracoronary infiision of ALDH2 
transgene with relief of angina. The lesion is reopened and restenosis does not 
recur. 

Example XVTI 

A 27-year-old white female with asthma is given 2 mches of nitropaste with 
no improvement m symptoms. She is then begun on chloral hydrate 1 gm q 6 hrs 
and the nitroglycerin dose is increased 5-fold with improvement in wheezing and 
shortness of breath. No limiting hypotension is noted. 

Exam ple XVm 

A 52-year-old white male with rectal spasm has niti oglycem omtment 
placed topically but symptoms persist. Increasing the dose of nitroglycerhi causes 
the blood pressur e to drop from 120 to 100 mm Hg limiting therapy. The patient is 
therefore begun on Tylenol 1 gm q 6 his and the nitroglyceiii dose is increased 
three-fold with relief of symptoms. 

Example XVm A 

A 20-year-old female presents v^th status asmaticus and is intubated. She 
receives inhaled nitroglyceiin (3 cc of a 100 mM solution) with slight improvement 
but the effect is lost over the following 24 horn s. She is then begun on amifostme 
nebulized (3 cc of a 100 niM solution) with a 12% improvement in EEV 1. 
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Fvnm ple XVm B 

A 42-year-oId male with rectal spasm is given topical nitroglyceiin with no 
eflfect. A solutiou of 100 mM amifostme is added with resolution rectal pain. 

Exam ple XIX 

A 57-year-old white male with heart failure remains short of breath despite 
increasing doses of nitioglycem. The patient is begun on 0. 1 ^ig/kg/min of 
S-nitrosoglutathione with unprovement of dyspnea and reUef of angina. 

Example XX 

A 69-year-old white male with a myocardial mfarction is tolerant to IV 
infusions of nitroglyceiin and develops recuixent chest pain on a nitrate free 
interval The patient is begun on 0. 1 pg/kg/min of glycerol thionitrite with 
inomediate relief of symptoms. 

Exam ple XXI 

A 62-year-old white male with heart failure is unresponsive to mcreasuig 
doses of nitroglycei-in. He is begun on amyl nitrate 0.6 mg per hour per day vAth 
improvement in dyspnea and symptoms of fatigue. 

Example XXn 

A 72-year-old white male presents with unstable angina and is begun on 
intravenous nitroglycerin, leading to tolerance over the following 48 horns. Tlie 
patient is then begun on mega-NO (13-cis-retmal derivative) at 10 pg/min in place 
of nitroglj'cei-in with reUef of ischemia. 

Example XXn A 

A 60-year-old white female presents with imstable angina which reciu-s 
despite mcreasmg doses of nitroglycerin. The patient is begun on mega-NO with 
relief of symptoms and nitroglyceiin is discontinued. 
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Examule XXDI 

A 42-year-ol(l ou isosorbide diuitiate for therapy develops progiessive 
atherosclerosis, but decreasiag the dose exacerbates his symptoms of congestive 
heart failure. The patient is begun on 10 mg/day of 2 glycerol mononitrite with 
reUef of symptoms. Angiography the following year shows no progression of 
atherosclerosis. 

Exam ple XXIV 

A 70-year-old white male with congestive heart failure and mycaidial 
ischemia is begun on 20 jig unit of 10 n/mui of mitochondria hnpenneable niUate 
(Compound (36) set forth above). The preload is reduced and the patient's 
ischemia resolves. 

Exam ple XXV 

A 42-year-old is begun on intravenous nitroglyceiin to tteat congestive 
heart failuie. Over the followmg day tolerance evolves, evidenced by increase m 
shortness of breath at higher doses, and the patient is switched to Jmdur, which is 
less efficacious. To deteimine if tolerance has reversed, the blood is sampled for 
mtALDH activity. Once the activity is normalized, IV nitroglyceiin is restarted. 
The fimctiouaUty of Lndrn' after administration of nitroglycerin and of nitroglyceiin 
after administration of Lndur shows no cross-tolerance between nitroglyceiin and 
Imdur, Le., that nitroglycerin does not prevent the efiect of Lndur and vice versa. 

Example XXVI 

A 67-year-old Chinese male develops angina on IV nitroglycerin 0. 1 
jig/kg/mui. An assessment of mtALDH genotype is made on a sample of the 
patient's blood diowing that the mtALDH enzyme has low activity. Nitroglycerin is 
substituted by S-nitrosoglutathione 0. 1 ^ig/kg/min with relief of synq)toms. 
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F.vaiTi ple XX\ra 
A 72-yeai-old with unstable angina is given IV nitroglycerin at 0.1 
Hg/kg/min. Measurement of miALDH genotype shows tliat enzyme activity is low. 
Nitroglycerin is stopped and the patient is started on pentaerythiitol tetranitrate 60 
mg P.O. T.I.D. 

F.yam pleXXVm 

A 57-year-old with heart failure has an assessment of mtALDH acti\dty and 
miALDH genotype made from red hlood cett and lymphocyte, respectively, to 
determine responsiveness to nitroglycerin. The patient is found to have normal 
enzyme activity and is hegun on hydralazine and nitroglycerin in a standard regimen 
for heart feilure. 

Rxam pleXXIX 

A 62-year-old white male. with congestive heart feilure has an assessment of 
mtALDH genotype, and mtALDH activity, as done in the previous example, but in 
this case the eazyme is shown to be low activity Cess than half normal) and the 
patient is given pentaerythritol tetrathionitrate 60 mg 3x/day P.O. in place of 
nitroglycerin. The patient is also started on Captropril 15 mg T.I.D. 

Example XXX 

A 42-year-old with congestive heart failme is given intravenous 
iiitroglycei-in and tolerance evolves over the following 24 hours. To best titrate the 
dose of nitroglycerin, the blood is assayed for mtALDH activity at various doses 
and the patient is then maintained at the highest dose which does not induce enzyme 
inhibition. Nitroglycerin is then admmistered continuously for four days without 
tolerance. 

Example XXXI 

A 47-year-old with congestive heart failure is begun on nitroglyceiin aud red 
blood cell mtALDH activity is assayed intermittently to ensure that tolerance does 
not evolve. 
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Fvain pleXXXn 
A 70-year old patieut with angiua becomes nitroglyceiiii tolerant. 
Treatmeat with 50 mg/kg dihydrolipoic acid, IV, eveiy 6 hours, reverses tolerance 
and maintains mtALDH activity. Continued infusions of the DHLA prevent 
tolerance from recuning. 

Ryam pleXXXm 

A 67-year old patient with unstable angina becomes tolerant to infiision of 
nitroglycerin and develops angina. One gram of tris(carboxyethy]phosphine), 
denoted TCEP, is infused over 30 minutes and tolerance is reversed and angina 
resolves. 

F.yam ple XXXIV 
A composition is made up containing GTN (20 mM) in 50% aqueous 
propylene glycol The composition may be administered intravenously at 5-100 
Hg/min for 40 to 100 minutes to treat a patent with an acute attack of unstable 
angina, with heart failure, with a hypertensive emergency or with a myocardial 
infarction. 

Pvam pleXXXV 

A composition is made up containing GTN (20 mM) in 50% aqueous 
isopropauol. The composition may be administered intravenously at 5-100 ^g/min 
for 40 to 100 minutes to treat a patient with an acute attach of unstable angina, with 
heart failure, with a hypertensive emergency or with a myocardial inferction. 

F.yam ple XXXVI 

A composition is made up containing GTN (4 mM) in pure saline. The 
composition may be administered, at 1- 10 ^lg/mm for 1 to 2 days to treat a patient 
widi an acute attack of unstable angina, with heart failme, with a hypertensive 
emergency or with a myocardial infarction. 

Hxam pleXXXVn 

A composition is made up containing GTN (5 mM) in 5% ethanol. The 
composition maybe administered at 1-10 jig/min for 1 to 2 days to treat a patient 
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with an acute attack of unstable angiua, with heart failure, ^vith a h^TJeitensive 
emergency or with a myocardial infarction. 

Exam ple XXXVin 
A 60-year old alcoholic with chxhosis and portal hypertension is given 
topical nitrates to alleviate ascites and becomes dizzy and hypotensive. The patient 
is given one giam of chloral hydrate orally and blood pressure is restored. 

Variations 

Many variations will be obvious to those skilled in the art. Therefore, tlie 
mvention is defined by the scope of the claims. 



